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A flexible milk hose for an automatic milking plant 

The present invention relates to a milk hose for establishing a fluid connection, especially 
for connecting a teat cup to a multiway valve in an automatic milking plant. 

The increasing globalization of the agrarian markets necessitates an increasing degree of 
rationalization also in agricultural enterprises. Milk producing enterprises use therefore al- 
most exclusively automatic milking plants. Hence, these plants have, on the one hand, the 
function of markedly increasing the milking capacity, i.e. they should be able to milk more 
animals per unit time, so as to increase the productivity of the agricultural enterprise, and, 
on the other hand, the physical and also the psychical strain to which the animals are sub- 
jected by the mechanical milking process should be reduced to a minimum by these plants. 

An ideal milking plant should therefore be capable of processing during the milking opera- 
tion a big flow of milk adapted to the standard of today's top cows, and, in so doing, it 
should simulate the natural sucking of a calf on its mother's udder. Only a milking process 
which simulates natural sucking will guarantee a complete evacuation of the udder and 
therefore a high yield of milk, the health of the teat and of the udder as well as mental well- 
being of the animal, which will also result in higher yields of milk in the long run. Any kind of 
treatment and any device which may cause the animal to feel uncomfortable should be 
avoided during the milking process. In particular the area of the milking plant which is in 
contact with the animal's teats directly or indirectly should be implemented such that the 
animal is not subjected to any irritation at all. 

In the nowadays almost exclusively used milking plants the milk is extracted from the teat 
during the suction phase by means of a teat cup lined with a soft teat rubber. During this 
suction phase the teat cup clings to the teat only due to the operational vacuum prevailing 
in the plant. The extracted milk then flows through a connection hose, the so-called short 
milk hose, into a multiway valve, and from this multiway valve it is advanced into different 
line systems or collecting receptacles. During a second phase, the so-called relief phase, 
air at atmospheric pressure is introduced into the space between the teat rubber and the 
teat cup via a thin flexible hose so that the teat rubber will contract due to the negative 
pressure prevailing therein and interrupt the flow of milk from the teat to the outlet of the 
teat cup. In this phase, part of the teat rubber clings softly to the teat and the adherence of 
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the teat cup to the teat is increased by the friction occurring between the teat and the teat 
rubber in addition to the still existing vacuum. 

The change over from the suction phase to the relief phase takes place approx. 60 times 
per minute and leads to light shocks or vibrations due to the pressure fluctuations occurring 
during the change from one phase to the other and due to the change in the conditions un- 
der which the teat cup adheres to the teat. Due to the varying conditions under which the 
teat cup adheres to the teat, it is in Germany normally common practice to operate the milk- 
ing plant in an alternating two-phase mode, i.e. two teat cups are in the suction phase, 
whereas the other two are in the relief phase. 

The teat cups are mechanically coupled to the multiway valve essentially via the four short 
milk hoses and, consequently, they are also mechanically coupled to one another. Since 
the short milk hoses have to transfer the flow of milk as well as the operating vacuum, an 
interior diameter of approx. 9-1 1 mm proved to be advantageous in existing plants. In addi- 
tion, the ordinance concerning milk production demands that foreign matter originating from 
lines or receptacles must not be transferred into the milk. Since the milk hoses are pro- 
duced from plastic material so as to guarantee the highest possible flexibility, the require- 
ments on a high mechanical stability on the one hand (the interior diameter of the milk hose 
must not undergo any substantial deformations at a negative pressure of approx. 0.5-0.7 
bar so as to avoid a negative influence on the flow velocity of the flow of milk) and the 
chemical passivity of the hose material on the other hand (the use of certain additives caus- 
ing a stability of the material in the case of small wall thicknesses is not allowed) lead to 
embodiments of the milk hose having a comparatively large wall thickness. This has the 
consequence that the originally desired flexibility of the short milk hoses is markedly re- 
stricted. Hence, a comparatively strong mechanical coupling exists between the four teat 
cups via the milk hoses and via the multiway valve, and this has the effect that a change in 
the external conditions at one teat will also affect all the other teat cups. The comparatively 
rigid connection between the individual teat cups has e.g. the effect that, due to the different 
degrees of evacuation of the udder quarters during the milking process, in the course of 
which one teat cup gradually moves upwards ("climbs") until the edge of its opening is 
stopped by the udder, the other teat cups will be affected as well. This leads to tensions at 
the udder and therefore to an irritation of the animal and it may cause a premature interrup- 
tion of the flow of milk in the case of the udder quarters which have not yet been emptied. 
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In addition, the constant twisting and bending forces acting on the short milk hoses entail a 
high degree of wear of the short milk hoses and a resultant fracture of the material, in par- 
ticular at the transition points to the connection necks leading to the teat cups and the direc- 
tional valve, respectively. 
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is therefore thf jjbject of the present invention to provide short milk hoses which fulfil the 
requiremejjte-mentioned at the beginning more effectively than the conventional milk hoses 
usea>^ 

According to the present invention this object is achieved in that a flexible milk hose is pro- 
vided, which is characterized in that it comprises a centre piece having a higher flexibility 
than the two end portions, said higher flexibility increasing towards the middle of the centre 
piece. 

he structural design of th£ centre piece of the milk hose permits, on the basis of the in- 
crease in elasticity in a defied area (centre piece) of the milk hose, an absorption of twist- 
ing and bending forces ^elastic deformation, the end portions, especially the transitions to 
the connecting necks, yfiaviplg hardly any load applied thereto. This effect is supported es- 
pecially by the flexibiWyof the milk hose which increases towards the centre, since the ra- 
dius of curvature of the milk hose is larger in the vicinity of the end portions than in the area 
of the centne of the hose and since, consequently, the mechanical load applied to the end 
portions i/less high. 

In accordance with an advantageous embodiment, the centre piece comprises spaced- 
apart reinforcement elements enclosing, at least partially, the circumference of a certain 
area of the centre piece. This kind of structure permits a wall thickness which is fundamen- 
tally smaller than the wall thickness that could be used for a milk hose having no reinforce- 
ment elements. The areas between the reinforcement elements have therefore a high elas- 
ticity, the stability vis-a-vis the pressure difference being guaranteed by the reinforcement 
elements. 

It will be suitable when the reinforcement elements consist, at least partially, of a material 
whose elasticity is lower than that of the material which has been used for producing an 
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area between said spaced-apart reinforcement elements. A big difference in the elasticities 
of successive areas permits the creation of reinforcement elements having e.g. a high di- 
mensional stability so that a larger distance can be used, and this will, in turn, lead to a 
higher elasticity of the intermediate space (material of high elasticity) and therefore of the 
whole centre piece. 

In accordance with a further preferred embodiment, the reinforcement elements contain a 
metal or a plastic material whose hardness is greater than that of the hose. Minimum di- 
mensions in combination with high strength can be achieved, when e.g. rings or clips con- 
sisting of metal or of a hard plastic material are integrated in the hose wall of the centre 
piece. 

In accordance with a further advantageous embodiment, the distance between the rein- 
forcement elements decreases from the middle of the centre piece towards the respective 
first and second end portions. By means of this arrangement a decrease in the flexibility of 
the milk hose from the middle towards the outside is achieved, whereby it is guaranteed 
that a curvature of the element will occur substantially in the middle of the hose. 

According to a further preferred embodiment, the reinforcement elements are implemented 
as spaced-apart elevations enclosing the circumference of the centre piece at least par- 
tially. This structure of the reinforcement elements has the advantage that the reinforcement 
elements may perhaps be applied subsequently to a suitably shaped milk hose. 

In accordance with an advantageous embodiment, the wall thickness in an elevation ex- 
ceeds the wall thickness in an area in which no spaced-apart elevations exist. Due to the 
increased amount of material provided in the area of an elevation, the necessary mechani- 
cal stability vis-a-vis the pressure differences occurring is guaranteed, even if the effective 
wall thickness of the areas between two elevations on the outer edge of the curvature of the 
hose will be reduced when the centre piece is being bent. Hence, it is possible to produce 
the centre piece from a uniform material. 

According to another preferred embodiment, the whole flexible milk hose is produced from a 
uniform material. The milk hoses can therefore be produced at a moderate price. 
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In accordance with a further advantageous embodiment of the present invention, the eleva- 
tions and the areas between two respective neighbouring, spaced-apart elevations have 
substantially the same wall thickness. Due to this structural design, which is similar to that 
of a bellows, the milk hose is particularly flexible and it is especially also adapted to be 
stretched and compressed, respectively, in the longitudinal direction. By enlarging the wall 
thickness in this area, it is possible to achieve by means of said increased wall thickness, in 
spite of the bellows-like structural design, a good stability against deformations of the inte- 
rior diameter caused by pressure fluctuations and to maintain simultaneously a high flexibil- 
ity, especially in the longitudinal direction. In addition, this embodiment is particularly suit- 
able for imitating the natural sucking of the calf on the teat of the brood animal on the basis 
of the compression and stretching taking place in the longitudinal direction of the centre 
piece of the flexible milk hose during the change-over from the suction phase to the relief 
phase. On the basis of this alternating stretching and compression of the milk hose, the 
pendulum motion of the milking unit produced by the pressure differences occurring during 
the change-over from one phase to the other will be intensified and the teats will additionally 
be stimulated and the muscles of the udder relaxed in the rhythm of the phase change, 
similar to the effect produced when a calf is sucking on the udder. 

In accordance with a further preferred embodiment, the first and second end portions have 
each formed thereon a reinforcement element. This measure serves to achieve a higher 
bending stiffness especially in the connection area of the milk hose, whereby bending will 
substantially occur in the centre piece, as intended, when a mechanical load is applied to 
the milk hose. This will reduce the risk of tearing of the hose, especially at the transition 
from the connecting neck to the connection element. 

It will be advantageous when the wall thickness of the reinforcement elements exceeds that 
of the residual area of the first and second end portions. It is thus possible to stiffen the end 
portions, even if the milk hose is produced from one uniform material. 

In accordance with another preferred embodiment, the interior diameter of the centre piece 
does not vary in this area. In the case of this embodiment, the flow of the stream of milk will 
not be impaired by interaction with the inner surface, e.g. by the formation of vortices on 
indentations on said surface. Furthermore, the fluid connection element can be cleaned 
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According to another preferred embodiment, the wall thickness of the centre piece de- 
creases from the first and second end portion towards the middle of said centre piece. 

This permits the milk hose to be produced in a simple way, since the outer surface can be 
implemented as a smooth surface. The minimum wall thickness in the central area is cho- 
sen such that a sufficient dimensional stability of the milk hose under vacuum is still guaran- 
teed. The wall thickness of the centre piece preferably decreases continuously towards the 
middle. It is, however, also possible to provide a step-like profile of the wall thickness; in this 
case, the axial dimensions of each of the respective areas of different wall thicknesses can 
be identical or different. 

In accordance with a further preferred embodiment, the wall thickness of the reinforcement 
elements is smaller in the area of the middle of the centre piece than the wall thickness of 
the reinforcement elements arranged in the boundary area of said centre piece. 

According to another preferred embodiment, the wall thickness of the reinforcement ele- 
ments decreases continuously towards the middle of the centre piece. 

In accordance with a further preferred embodiment, the wall thickness of the intermediate 
areas between two neighbouring reinforcement elements is smaller in the area of the mid- 
dle of the centre piece than the wall thickness of the intermediate areas of the reinforce- 
ment elements arranged in the boundary area of said centre piece. 

According to another preferred embodiment, the wall thickness of the intermediate areas 
decreases continuously towards the middle of said centre piece. 

The present invention will now be explained and described in detail making reference to 
embodiments and the drawing enclosed, which refer to these embodiments and in which: 

Fig. 1 shows a schematic, three-dimensional representation of a milking unit; 
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Fig. 2 shows a side view of one embodiment of the milk hose according to the pre- 
sent invention; 

_FjgJ3L shows a cross-section of the embodiment according to Fig. 1 ; 

Jmo^ shows a representation of the milk hose of the present invention in the bent 
condition of the hose; and 

Fig. 5 shows a cross-section through a further embodiment of the milk hose of the 
™ - present invention. 

Fig. 6a-6d each show a cross-section through the central area of the centre piece of the 
milk hose according to further preferred embodiments. 

A first embodiment is now explained making reference to Fig. 1 , 2 and 3. 

Fig. 1 shows the fundamental structural design of a milking unit in which short milk hoses 
are used in accordance with one embodiment of the present invention. Reference numeral 
1 stands for the four teat cups at the upper edge of which the bulge of the teat rubber 2 is 
formed. The outlet neck 3 is arranged at the other end of the teat cup 1 . The teat rubber 2 
extends in the interior of the teat cup 1 down to the outlet neck 3. An inlet neck for the con- 
nection conduit by means of which fresh air is blown into the area between the teat cup 1 
and the teat rubber 2 so as to change over from the suction phase to the relief phase is not 
shown in Fig. 1 for the sake of clarity. The outlet necks 3, which are formed on or attached 
to the teat rubbers, have short milk hoses 4 connected thereto. Instead of being separate 
parts, the teat rubber and the short milk hoses can also be implemented as an integral 
component (long teat rubber). 

A multiway valve 5 with a milk inlet neck 8 and milk outlets 6 and 7 is connected to the teat 
cups 1 by means of said short milk hoses 4. The short milk hose 4 comprises a first end 
portion 9 which is pushed onto the connection neck 3 and a second end portion 10 which is 
pushed onto the connection neck 8, and a centre piece 11. The end portions 9 and 10 are 
each provided with beadlike, enlarged portions 12 and 13, respectively, which increase the 
stiffness of this area. Kinking of the hoses, which often occurs in the connection areas, will 
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by excluded in this way. The centre piece 1 1 of the short milk hose 4 is provided with 
spaced-apart annular elevations 14 along a certain area thereof. 

Fig. 2 shows a side view of the short milk hose 4 in accordance with the first embodiment of 
the present invention. In Fig. 2 identical parts are designated by the same reference nu- 
merals as in Fig. 1 . It can be seen in this figure that, in the case of this embodiment, the 
respective elevations in the middle of the centre piece 1 1 have smaller axial dimensions 
than the elevations in the end portions 10 and 9 of said centre piece. The density of the ele- 
vations, i.e. their number per unit length, remains preferably constant over the length of the 
centre piece 1 1 . The elevations 14 of this embodiment as well as all the other components 
of the short milk hose 4 are produced from the same elastic material. It is, of course, possi- 
ble to use different materials for the various areas. The end portions 10 and 9 may, for ex- 
ample, consist of a mixture of materials including additives which make the material more 
stable, since these areas do not come into direct contact with the flow of milk. In addition, it 
is also imaginable to implement the elevations such that they have a uniform but smaller 
width, and to provide them with reinforcing rings or clips of a mechanically very stable mate- 
rial as a compensation. Metal rings or metal clips may e.g. guarantee a very high mechani- 
cal stability when used in combination with an elevation of minimum width. 

Fig. 3 shows a short milk hose 4 in a cross-section along line 2-2 of Fig. 2. Identical parts 
have again been designated by identical reference numerals according to Fig. 1 and 2. The 
embodiment of the milk hose 4 shown in these figures has a smooth inner surface 15. 

Fig. 4 shows the embodiment according to Fig. 1 to 3 in a side view, in a bent condition of 
the milk hose. In this representation, it can be seen that, when the short milk hose 4 is bent, 
the elevations 14 in the middle of the centre piece 11 will be stretched on the outer side of 
the curve, whereas the elevations 14 in the vicinity of the end portions 10 and 9 will almost 
maintain their axial dimensions. On the inner side of the curve, the elevations 14 located in 
the middle are, consequently, compressed more strongly than those located in the vicinity 
of the end portions. It follows that the milk hose 4 has in the middle of the centre piece a 
curvature which is larger than that in the vjajnity of the end portions. 

When the milking process is taking plaqfegihd when the milking unit is being handled, the 
positions of the teat cups and, consequently, of the comparatively heavy directional valve 
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will change to a greater or lesser degree due to mechanical influences and pressure 
fluctuations. On the basis of the improved elasticity of the short mflk hose 4 according to the 
embodiments of the present invention, the respective teat cupxan follow the movements, 
without these small changes in position being transferred to the directional valve and thus to 
the neighbouring teat cups to an extent which would be/worth mentioning. It will advanta- 
geous when the area in which the short milk hose 4 has a particularly high flexibility is lo- 
cated in the middle and diminishes towards the side's. This has the effect that especially the 
mechanical forces acting on the short milk hose .are substantially reduced in the areas of 
the connecting necks 3 and 8, whereby the risk of]a fracture of material due to material fa- 
tigue will decrease essentially in this area.yK fibber advantage in comparison with the short 
milk hoses according to the prior art is toveb&ea in the fact that the short milk hose accord- 
ing to the present invention has a certain fl6xibjWy also in the axial direction of the hose. 
This permits especially a compensation owchanges in the position of the teat cup, which are 
caused during the milking operation due to the initially described "climbing" effect of the teat 
cup, i.e. the "climbing" of a tea/cup on a teat which has already been emptied will not lead 
to any substantial change in/position of the multiway valve, a possibly remaining minor 
change in position being, in turn, decoupled from the other teat cups due to the short milk 
hoses according to the present invention. 

Fig. 5 shows a cross-section through a short milk hose according to a further embodiment 
of the present invention. A short milk hose 104 is provided with respective end portions 109 
and 1 10. The end portions 109 and 110 have formed thereon beadlike enlarged portions 
112 and 113, respectively. A centre piece 1 1 1 is provided with elevations 1 14 in a certain 
area thereof. Other than in the case of the preceding embodiments, the wall thicknesses of 
the elevations and of the areas between two respective neighbouring elevations are ap- 
proximately equal. By means of this structural design, a particularly high flexibility is 
achieved. With the aid of this bellows-like structure of part of the centre piece 111a high 
flexibility is advantageously achieved in the axial direction of the short milk hose. The effect 
of compensating the various heights of the teat cups during the milking operation is sup- 
ported in this way. Furthermore, the high axial flexibility of the centre piece 1 1 1 can be util- 
ized for producing a pendulum motion of the whole milking unit in the rhythm of the change- 
over from one phase to the other so as to achieve an additional stimulation of the teats and 
a relaxation of the udder muscles. The vacuum applied to the teats and therefore also to the 
short milk hose in the suction phase is higher than that applied in the relief phase. The 
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character of this desired behaviour, which imitates the natural sucking of a calf, is, however, 
strongly dependent on the respective milking unit and its mode of operation. During the suc- 
tion phase, a negative pressure is applied to the teat and, consequently, to the milk hose, 
said negative pressure imitating the suction behaviour of the calf to a greater or lesser de- 
gree depending on the respective plant. This negative pressure causes a contraction of the 
centre piece 1 1 1 in the suction phase, whereby the directional valve will be raised slightly. 
In the relief phase, however, the reduced negative pressure leads to an expansion of the 
centre piece 111 and thus to a lowering of the directional valve. This causes a pendulum 
motion of the directional valve and of the milk hoses, which leads to an additional stimula- 
tion of the teats and a relaxation of the udder muscles, and this will enhance the flow of 
milk. The effect of the pendulum motion of the milking unit caused by the increased axial 
flexibility of the centre pieces of the short milk hoses can be utilized in a particularly advan- 
tageous manner in connection with milking plants permitting a sufficient control of the nega- 
tive pressure difference during the suction and relief phases, since particularly great 
changes in length will then take place. DE 2523465 describes e.g. a teat cup in the case of 
which a small, precisely defined amount of atmospheric air is blown into the area between 
the collapsing teat rubber enclosing the teat and the milk plug flowing off at the beginning of 
the relief phase, whereby the milk can flow off unhindered due to the reduced negative 
pressure above the milk plug. If no air were blown into this area, an area of higher negative 
pressure would be created above the milk plug which is just flowing off and, due to the suc- 
tion effect, only part of the milk plug would flow off. Due to the additional amount of air, the 
milk can, however, flow off unhindered and a negative pressure, which is lower than the 
negative pressure prevailing during the suction phase, will build up also in the short milk 
hose so that a marked pressure difference will exist in the short milk hose during the two 
operating phases. The mechanical stimulation of the teats and the relaxation of the muscles 
of the udder leads to an increase in the flow of milk on the one hand and supports the 
health of the udder on the other, i.e. it also leads to an increase in the yield of milk in the 
long run. In order to increase the stability against changes of the interior diameter caused 
by the negative pressure in the interior of the hose, the average wall thickness in the area of 
the centre piece 111 having the bellows-like structure can e.g. be chosen such that it ex- 
ceeds the wall thickness of the centre piece in the area in which no elevations are formed. 
In addition, it is also here imaginable that thin reinforcement rings or clips, which enclose 
only part of the circumference of the elevations, are attached to said elevations so as to 
achieve the necessary stability. 
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Fig. 6a to 6d each show a cross-section through the central area of the centre piece of addi- 
tional embodiments of the milk hose according to the present invention. 

In Fig. 6a, a central area 204 of a flexible milk hose is provided with reinforcement elements 
214. The reinforcement elements 214, which may be produced from the same material as 
the rest of the milk hose, have a wall thickness which decreases towards the middle, i.e. the 
additional layer of material of the reinforcement elements decreases in thickness towards 
the middle. In Fig. 6a, the central reinforcement element is represented as the element with 
the thinnest layer of material and the elements located further away from the middle have 
increasingly thicker layers of material and wall thicknesses. It is, however, also possible that 
one group comprises a plurality of reinforcement elements of identical wall thickness and 
that the centrally located group has the smallest wall thickness. It follows that the outer di- 
ameter of the milk hose decreases in size towards the middle due to the reduced wall thick- 
ness. 

In Fig. 6b, the outer diameter remains approximately the same. The increase in flexibility 
towards the middle is achieved by the circumstance that the intermediate areas between 
the reinforcement elements 214 have increasingly smaller wall thicknesses. 

Fig. 6c shows an embodiment in the case of which the wall thickness of the intermediate 
areas decreases towards the middle, whereas the wall thickness of the reinforcement ele- 
ments 214 slightly increases towards the middle so as to guarantee a better dimensional 
stability of the central area 204. The smaller wall thickness in the middle will, however, nev- 
ertheless guarantee an increase in flexibility towards the middle. 

Fig. 6d shows an embodiment in the case of which the reinforcement elements 214 are im- 
plemented with identical wall thicknesses, said reinforcement elements being, however, 
arranged so to speak on a centre piece whose wall thickness decreases towards the middle 
centre. In certain circumstances, this may be advantageous in comparison with the em- 
bodiment shown in Fig. 6a, since the reinforcement elements in Fig. 6d are less sensitive to 
external mechanical loads, for example to being trodden on. 
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In accordance with a further embodiment, reinforcement elements are completely dis- 
pensed with and the wall thickness of the centre piece is reduced towards the middle. The 
wall thickness can be reduced continuously or in steps. 
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A flexible milk hose according to claims 1, 2 or 5, 
wherein 




reinforcement elements are implemented as spaced-apart 
elevations of material enclosing the circumf erence of the 
piece at least partially. 



A flexible /mi/lk hose according to claim 6, wherein 



the wall /fcj>apfckness of the elevations of material exceeds 
the walltf«fickness in an area between neighbouring, 
spaced-apart elevations of material. 




8. A flexible mi2:H hose according to claim 6, wherein 

the elevati^fcnsyof material and the areas between two 
respective KSighbouring elevations of material have 
substantially the same wall thickness . 





A flexible milk hose according to claims 1 to 8, wherein 



e first and second end portion have each formed thereon 
inforcement element. 



T^. A flexible midc hose according to claim ^ wherein 



the reinf orcemenV elements each comprise enlarged portions 
of material whosa wall thickness exceeds the wall 
thickness of the raspective residual area of the first and 
second end portion) 
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A flexible milk hose according to claims 1 to 10, wherein 



the centre piece consists, at least partially, of a 
permanently chemically passive and stable material which 
willNnot give off secretions to the milk during the 
milking operation. 



Hi. A flexible milk hose ^according to claim 1, wherein 
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a wall thickness of thAcentre piece decreases from the 
first and second end potions towards the middle of said 
centre piece. 



A flexible milk hose according to claims 2 to 10, wherein 



he wall thickness of the reinforcement elements is 
aller in the area of the middle of the centre piece 
the wall thickness of the reinforcement elements 
nged in the boundary area of the centre piece. 



A flexible milk hose\according to claim TS>, wherein 



e reinforcement elements 
owards the middle of the 



the wall thickness of 
decreases continuously 
centre piece. 




A flexible milk hose according to claims 2 to 14 , wherein 



wall thickness of the intermediate areas between 
neighbouring reinforcement elements in the area of 
middle of the centre piece is smaller than the wall 
thickness of the intermediate areas of the reinforcement 
^ts arranged in the boundary area of said centre 

piece . 

H 

A flexible milk hose Recording to claim >5t, wherein 




the wall thickness of th^ 
continuously towards the 



intermediate areas decreases 
aiddle of said centre piece . 



